The purpose of this study is to assess the incidence of symptomatic and asymptomatic venous thromboembolism (VTE) and their prognostic effect on survival in patients with gastric cancer. A total of 201 VTE cases from 1420 eligible patients with gastric cancer were enrolled in this study. VTE events were divided into two groups as symptomatic or asymptomatic according to the symptomatology of thrombosis. Trombus Overall Survival (TOS) was defined as the period between the date of VTE diagnosis and the date of death or the date of last visit of patient. Of these 201 VTE cases, 101 were symptomatic. Metastatic period (61.7%) and the first 6 months (67.7%) after the cancer diagnosis were associated with the highest incidence of VTE. Extremity (97.7%), port-related (100%) and pulmonary (59.7%) thrombosis were found to be clinically symptomatic, while visceral thrombosis (97.3%) were mostly asymptomatic. TOS for stage I-III patients with symptomatic VTE was found to be 26.4 months in comparison to 33.2 months for those with asymptomatic VTE (p= 0.29).TOS for symptomatic and asymptomatic groups with metastatic disease were 3.4 months and 6 months, respectively (p= 0.01). In multivariate analysis of metastatic patients, symptomatic thrombosis was statistically significant factor for poor TOS. In conslusion, metastatic stage and first 6 months after cancer diagnosis are the crucial periods in which the thrombosis mostly occurs. Although symptomatic thrombosis in patients with metastatic gastric cancer had an adverse prognostic effect, asymptomatic VTE had no significant impact on the prognosis, hence asymptomatic VTE may be followed without anticoagulant therapy.
INTRODUCTION
Venous thromboembolism (VTE) occurred in patients with cancer is a major cause of mortality and morbidity. As compared with the general population, thromboembolic risk is 4 to 6 times higher in cancer patients. 1, 2 This increased tendency to thrombosis in these patients is associated with procoagulant effect of tissue factor expressed through tumor cells, overexpression of membrane adhesion molecules and decreased rate of fibrinolysis. [3] [4] [5] Besides, other major risk factors contributing to VTE in cancer patients include surgery, immobilization, hospitalization, erythropoietic/granulopoietic agents, chemotherapy administration (a 2 -to 6fold increased risk in comparison to the general population) and central venous catheterization. [6] [7] [8] [9] While the incidence of thromboembolism varies depending on the type of cancer disease, the highest incidence in compliance with the large epidemiological studies has been reported to be in ovarian, brain or pancreatic cancer. 10, 11 In a study designed by Chew et al who investigated the incidence of VTE among the most common 12 cancer types, patients with metastatic pancreatic cancer were found to be at the highest risk for VTE with a frequency of 20 events per 100 patient-years followed by patients with metastatic gastric cancer who were the second most high-risk group for VTE with an incidence of 10.7 events per 100 patient-years. 12 In another study, Tetzlaff et al evaluated the frequency of VTE only in the patients with metastatic gastric cancer receiving chemotherapy treatment. 13 Although the risk of thrombosis in patients with gastric cancer has been documented to be at such high rates, previous studies were limited with a small sample size and generally did not include all groups of patients with gastric cancer. 14 The initiation of extensive use of Multi-detector computed tomography in cancer patients has led to an increase in detecting of asymptomatic VTE. While anticoagulant therapy is a standard approach in the treatment of symptomatic thrombosis, it is not yet clear whether to treat asymptomatic thrombosis. Specifically, although there are available data suggesting that symptomatic thrombosis may be associated with a poor prognosis, prognostic significance of asymptomatic thrombosis has still remained uncertain. Our aim in this present study is to compare the clinicopathological features and survival data of asymptomatic and symptomatic thrombosis and also to perform a subgroup analysis of these thrombosis according to the occurrence localisation in our patients with gastric cancer developing VTE during follow up.
PATIENTS AND METHODS
Medical records of 1420 patients with histologically proven gastric cancer diagnosed between 2002 and 2015 in our hospital were retrospectively analyzed. In order to detect the venous thromboembolism occurred in any part of the body within the first two years following gastric cancer diagnosis; imaging reports of the patients performed by radiology or nuclear medicine department [Doppler ultrasonography, computed tomography (CT), CT -angiography, conventional angiography and ventilation / perfusion scintigraphy] were examined. The cases of VTE were categorised into 4 groups as visceral, pulmonary, extremity and port-related thrombosis according to the occurrence localisation. The definition of ''visceral thrombosis'' was used to define the thrombosis occurred in any visceral organ (except brain) or in any large vessels such as vena cava (including thrombosis of the iliac region) and the description of "pulmonary thrombosis'' was used to define the pulmonary thromboembolism. The thrombosis occurred in lower (including the femoral vein) or upper extremities was classified as extremity thrombosis. The thrombosis associated with central venous catheter applied for chemotherapy administration was defined as port -related thrombosis. VTE events were divided into two groups as symptomatic or asymptomatic according to the symptomatology of thrombosis. Patients whose thrombosis were radiologically confirmed after a clinical suspicionof VTE were accepted symptomatic. On the other hand, patients who were incidentally radiologically diagnosed with a VTE during routine cancer screening but had no symptoms related to thrombosis were accepted as asymptomatic. Patients with arterial and superficial vein thrombosis or phlebitis were excluded from the study. Additionally, presence of pregnancy, patients using drugs with known procoagulant side International Journal of Hematology and Oncology effect, patients with secondary primary tumor and under 18 years of age were the other exclusion criteria of the study.
For the purpose of assessing the comorbidity conditions, the presence of previous medical history including myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, chronic lung disease, connective tissue disease, diabetes mellitus, hypertension, hyperlipidemia, chronic kidney and liver disease (cirrhosis or chronic hepatitis) was investigated. The Eastern Cooperative Oncology Group (ECOG) scale of performance status was considered as the performance condition of the patients during the diagnosis of thrombosis. Final status of the patients was determined by checking both the patients' medical records and Turkish Identification Number from the records of Central Population Management System (Türkiye Cumhuriyeti Merkezî Nüfus İdare Sistemi).
Statistical Analysis
The computer program 'Statistical Package for The Social Sciences' for Windows (SPSS; version 18.0, IBM, Chicago, IL, USA) was used for statistical analyses, and a p-value < 0.05 was considered statistically significant. The variables were investigated according to visual (histograms and probability plots) and analytical methods (Kolmogorov-Smirnov/Shapiro-Wilk tests) to determine whether they were normally distributed. Nonparametric variables are presented as the median and range. Categorical variables were analyzed using Chi squared or Fisher exact tests. Survival analysis was performed according to the Kaplan-Meier Method and log-rank statistics were used to compare the subgroups. The possible factors identified with univariate analyses were further entered into the Cox regression analysis with backward selection to determine independent predictors of survival. The time of VTE was calculated as the time from the diagnosis of gastric cancer until the diagnosis of VTE. Trombus Overall Survival (TOS) was defined as the period between the date of VTE diagnosis and the date of death or the date of last visit of patient.
RESULTS

Patient Characteristics
Over a 13-year period, a total of 201 VTE cases were identified. Clinicopathological characteristics of the patients are shown in Table 1 . Median age of the patients with VTE was 62 years (range: 27-87) and 74.6% (n= 150) of these patients were male. Diffuse type (Lauren classification) was found to be the most common (57.2%) histological tumor type. Although there was not a significant difference in terms of the localisation rates of the primary tumor, antrum localisation was more likely to be associated with VTE events, comprising 37.8% of all cases. About 43.3% of patients had an comorbidity, accompanying mostly essential hypertension and diabetes mellitus. ECOG performance score in 56.7 % of patients was 0 or 1 at the time of VTE diagnosis. Approximately 62.7% of patients had undergone curative or palliative surgical intervention prior to diagnosis of thrombosis. The proportion of patients receiving adjuvant chemotherapy and chemoradiotherapy was 43.3% and 37.8%, respectively. The most frequent metastasis sites during the development of a thrombotic event were liver (29.9%) and distant intra abdominal lymph nodes (28.4%).
The Incidence of VTE
Venous thromboembolism was detected in 14.1% (n= 201) of whole patients with gastric cancer. When considering the VTE events according to the localisation, the rates of visceral, pulmonary, extremity and port -related thrombosis were 36.8%, 33.3%, 21.9%, 8%, respectively, indicating a highest rate for visceral thrombosis. The rates of stage I, II, III, IV disease of the patients according to the frequency of VTE diagnosis were 3%, 14.4%, 20.9% and 61.7%, respectively, demonstrating a greater VTE incidence in metastatic patients. The incidence of VTE was the most frequent (with a rate of 67.7%) within the first 6 months after gastric cancer diagnosis. VTE in 18.9% of the patients was detected at the time of diagnosis of gastric cancer, however, in 46.3% of the patients, it was diagnosed during chemotherapy treatment. International Journal of Hematology and Oncology
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Of these 201 VTE cases, 101 were symptomatic and 100 were asymptomatic. Although both groups had a male dominance, number of woman patients were significantly higher among patients with symptomatic VTE in comparison to patients with asymptomatic VTE (p= 0.007). When considering the symptomatology according to the occurrence sites of thrombosis, extremity (97.7%), port-related (100%) and pulmonary (59.7%) thrombosis were found to be clinically symptomatic, while visceral thrombosis (97.3%) were mostly asymptomatic. Cases of visceral thrombosis were generally detected incidentally during an imaging procedure performed for routine tumor evaluation. The most frequently used chemotherapeutic agents in patients prior to the diagnosis of thrombosis were 5-fluorouracil (65.2%) and cisplatin (55.2%). Symptomatic and asymptomatic thrombosis most commonly occurred (65.3% and 70%, respectively) within the first 6 months and vast majority of thrombosis in each group was more frequent in metastatic period (61.4% and 62%, respectively).
Almost all of the patients with symptomatic VTE (97%, n= 98) received anticoagulant therapy with a median duration of 6 months (range: 1-24 months).
As anticoagulant therapy; the number of patients in symptomatic group treated with low molecular weight heparin (LMWH), warfarin sodium and acetylsalicylic was 92, 5 and 1, respectively. By contrast, only 6 (6%) patients in asymptomatic group received anticoagulant therapy ( Table 2) .
Survival Analysis
The prognostic impact of symptomatic and asymptomatic VTE on TOS was assessed. Patients with symptomatic VTE had a 8.8 months of TOS compared to 15.7 months for those with asymptomatic VTE (95% CI, 5.3-12.3 vs 95% CI, 11.9-19.5, respectively, p= 0.07) ( Figure 1 ). When analyzing the survival of the patients according to the stage I-III (non-metastatic) or stage IV (metastatic) disease, TOS for stage I-III patients with symptomatic VTE was found to be 26.4 months in comparison to 33.2 months for those with asymptomatic VTE ( 95% CI, 9.0-43.8 vs 95% CI, 26.0-40.5, respectively, p= 0.29) ( Figure 2 ). TOS for symptomatic and asymptomatic groups with Stage IV disease were 3.4 months and 6 months, respectively (95% CI, 1.8-5.0 vs 95% CI, 4.5-7.5,respectively, p= 0.01) ( Figure 3 ). Furthermore, OS durations (from the time of metastasis until the death or last visit) for stage IV patients with symptomatic and asymptomatic VTE were 7.6 months and 10.4 months, respectively (95% CI, 5.5-9.7 vs 95% CI, 4.9-15.9, respectively, p= 0.02).
In univariate analysis of stage IV patients, ECOG performance score of ≥2, albumin of ≤35 mg/ dL, extremity/pulmonary and symptomatic thrombosis appeared to have an association with poorer survival rates. However, multivariate analysis showed that he ECOG performance score of ≥2, albumin of ≤35 mg/dL and symptomatic thrombosis were statistically significant factors (Table 3 ). International Journal of Hematology and Oncology
DISCUSSION
To our knowledge, our study is one of the most comprehensive trials focused on VTE occurring in patients with gastric cancer. Incidence of VTE in our patients diagnosed with gastric cancer was found to be 14.1%. In a study performed by Lee et al that is also one of the two largest studies designed in Asian population, the frequency of VTE (symptomatic or asymptomatic) was reported to be 3.5% among a total of 2085 patients with gastric cancer 14 In the other Asian study conducted by Kang et al, VTE (symptomatic or asymptomatic) incidence was observed to be 3.3 % in 3095 patients with advanced gastric cancer. 15 Tetzlaff et al investigated the incidence of arterial and venous thrombosis during or before chemotherapy treatment in American population with advanced gastroesophageal carcinoma and reported the VTE (symptomatic or asymptomatic) incidence to be 13.6%. 13 One another study investigating the incidence of arterial and venous thrombosis according to the given chemotherapeutic agents reported the incidence of thrombosis to be between 2.2 % -12.1% in patients with advanced gastroesophageal carcinoma. 16 Due to the differences in study populations mentioned above, it is difficult to directly compare our results with the current literature. However, we found a higher rate of VTE in our study compared to those reported in the Asian and American studies. Besides, the fact that we included 15 cases of port -related thrombosis in our study may partly play a role in the high rate of our result, but race and ethnicity may also have an important role in these differences. Because, mutations that are highly important risk factors for thrombosis may show ethnic and geographical variations. For instance, frequency of factor V Leiden gene mutation that is the most common thrombophilic mutation in literature was reported to be 3-5% in Europe and 7.1-10.3% in Turkey, while not reported in Chinese, Japanese International Journal of Hematology and Oncology and African population. 17, 18 Additionally, since the thrombotic events in cancer patients mostly occur in advanced disease, the fact that patients with gastric cancer are generally diagnosed in earlier stages of disease in Asian populations through widespread screening programs for gastric cancer may contribute to a less incidence of thrombosis in Asian population.
VTE is more frequent within the first 6 months following a cancer diagnosis and mostly occurs in advanced stages of malignancies. Similarly, in a large study performed by Chew et al involving the most common 12 cancer types, advanced stages of disease and the first 6 months after the diagnosis of cancer were reported to be associated with the highest incidence of VTE. 12 Likewise Lee et al detected the 65% of total 73 VTE cases in advanced stages of disease or within the first 6 months after gastric cancer diagnosis. 14 As with the literature, 62% of VTE cases in our study were detected in patients with advanced disease. In addition to that, 68% of our patients with VTE were diagnosed International Journal of Hematology and Oncology within the first 6 months following gastric cancer diagnosis, however, VTE continued to occur with a descending frequency despite the the progression of disease in the subsequent periods. The common causes of thrombosis particularly observed in this period may be associated with some predisposing factors such as surgery, chemoradiotherapy and hospitalization along with the aggressive biological behaviour of cancer disease, leading to procoagulant activation.
As well as its symptomatic clinical aspect, thrombosis in patients with gastric cancer may also be asymptomatic and it is diagnosed incidentally during a radiological imaging procedure. 19 Thus, the actual data regarding the prevalence of asymptomatic thrombosis in gastric cancer is still unclear.
Visceral thrombosis mostly develops on the basis of chronic inflammatory diseases, chronic myeloproliferative disorders, liver cirrhosis, various intra abdominal tumors and some hereditary diseases andusually represents as an asymptomatic thrombosis with rare clinical manifestations. [20] [21] [22] [23] By contrast, extremity, port -related and pulmonary thrombosis usually appear to be clinically symptomatic. Cronin et al determined the incidence of asymptomatic pulmonary VTE to be 31% in a study investigating the prevalence of asymptomatic thrombosis in patients with hematologic and solid tumors. 24 Singh et al reported the incidence of asymptomatic pulmonary thrombosis to be as 23% among patients with gastrointestinal tract cancers. 25 However, half of the patients with VTE in our study were asymptomatic. Specifically, while pulmonary, port -related and extremity thrombosis in our population were generally symptomatic, visceral thrombosis were observed to be asymptomatic. In addition to this, our incidence of pulmonary thrombosis in small veins among patients with asymptomatic thrombosis was 27% indicating a similar rate to the results of previous studies. 24, 25 Visceral thrombosis was the most common type of VTE in our study and was usually detected incidentally during an imaging procedure performed for routine tumor assessment. Therefore, the incidence of visceral thrombosis generally depends on the frequency of imaging studies and this condition should be considered in case of studies associated with cancer disease.
The treatment strategy of VTE for cancer patients is nearly similar to those for non-cancer patients.
The main purpose of this treatment is to reduce the risk of embolism and thrombus expansion an also to lower the risk of recurrence, while providing a minimal bleeding risk. For this purpose, LMWH is more preferred over warfarin because of having less bleeding risk and lower rates of drug interactions compared to warfarin. 26, 27 In our study, 97% of patients with symptomatic VTE were administered anticoagulant therapy for a median duration of 6 months, while 94% of asymptomatic counterparts did not receive any anticoagulant therapy.
Despite all the available current treatment approaches, median OS for patients with metastatic gastric cancer is approximately 1 year. 28, 29 Although metastatic patients with asymptomatic VTE in our study did not receive any anticoagulant therapy, OS was found to be similar to the expected survival durations (10.4 months). This finding therefore may suggest the opinion of that metastatic gastric cancer patients with asymptomatic VTE who were not given any anticoagulant therapy could have no negative impact on their prognosis.
There are several studies in relation to prognostic effects of asymptomatic and symptomatic thrombosis in patients with pancreas, ovary and prostat cancer, indicating a poor prognosis for both symptomatic and asymptomatic VTE. 19, 30, 31 Khorana et al have considered the gastric cancer to be as the most thrombosis prone tumor along with pancreatic cancer. 32 Despite the increased tendency to thrombosis, small number of studies regarding the thrombosis in gastric cancer are available, however, prognostic effect of asymptomatic and symptomatic thrombosis in these studies has remained unclear. When considering the all group of patients in our study, neither asymptomatic nor symptomatic thrombosis had any significant prognostic superiority over each other. However, in subset analysis of the groups according to stages as non-metastatic (stages I-III) or metastatic disease (stage IV), the univariate and multivariate analysis showed that metastatic patients with symptomatic thrombosis appeared to have a significant adverse prognosis with a median survival of 3.4 months following the diagnosis of thrombosis (6 months in asymptomatic VTE). This therefore suggests that symptomatic International Journal of Hematology and Oncology thrombosis in patients with metastatic gastric cancer may have a poor prognosis.
In our study, extremity and pulmonary thrombosis in patients with metastatic stage were found to be associated with a statistically significant poor survival compared to visceral and port-related thrombosis. This finding was consistent with the previous study of Lee et al who also reported an poor survival for extremity and pulmonary thrombosis in comparison to visceral thrombosis. 14 Thus, if observed, a more aggressive treatment should be considered in cases of extremity and pulmonary thrombosis in metastatic patients.
Aside from its retrospective and single center nature, the most important limitation of our study was that various of non-specific symptoms related to thrombosis in our patients may be omitted as a general tumor symptoms and may be mistakenly accepted as asymptomatic VTE cases. Another limitation was that diagnosis of thrombosis was made with different diagnostic tools. In addition, the presence of patients with synchronous symptomatic and asymptomatic thrombosis in the symptomatic group might have caused some cases of asymptomatic thrombosis to be missed.
In conclusion, the symptomatic and asymptomatic thrombosis are common clinical entities in patients with gastric cancer. Metastatic stage and first 6 months after cancer diagnosis are the crucial periods in which the thrombosis mostly occurs. Although symptomatic thrombosis in patients with metastatic gastric cancer had an adverse prognostic effect, asymptomatic VTE had no significant impact on the prognosis, hence asypmtomatic VTE may be followed without anticoagulant therapy. However, more prospective randomize studies with large sample size investigating asymptomatic thrombosis are required in order to assess its prognostic significance and the need of treatment.
